
The make utility

Basics

make is a utility thathelpskeeptheexecutableversionsof programscurrent.It automaticallyupdatesa
targetfile whenchangesaremadeto thefiles usedto build thetarget.

make keepsa target programup-to-dateby readingamakefileandmakingthetargetselectedfrom it. By
default themakefile is namedmakefile.

In its simplestform, a makefile is a sequenceof explicit rules,eachof theform (wherebracketsenclose
optionalparts):

f: [f1 ... fn]
[command1]
[command2]
...

f is saidto bethe target of therule andto directlydependon thesourcesf1...fn. Eachcommand is a
commandfor theshell from whichmake is invoked.

A targetis saidto (indirectly)dependong if oneof its sourceseitheris g or oneindirectlydependsong.
It is requiredthatno targetdependon itself (autodependency).

Eachtargetmustappearin exactlyonerule.

To make a targetf, make performsthefollowing steps:

1: for eachtargetf1 in sourcesof f’s ruledo
2: makef1;
3: if targetfile f doesnotexist or
4: f hasno sourcesor
5: any sourcefile is morerecentthantargetfile f or
6: any commandshave beenperformedto make sourcesin step2
7: then executecommandsin f’s rule (if any)

Note thatmake performsa sortof postordervisit of thedirectedacyclic graphtextually representedby
themakefile’s rules.

make f fails (“don’t know how to make f”) if f is not an existing file or a target for somerule or is a
targetfor a rule with neithersourcenorcommands.
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Structure of rules

Full explicit rules

An explicit rule canalsohave multiple targets. This is equivalentto a setof rules,onefor eachtarget,
having all thesamebody.

Thefull syntaxis:

target [target] ...: [[{path}] source] ...
[command]
[command]
...

where:

� line separationsaresignificant;blanklinesareignored;

� targetmuststartin column1;

� thefirst sourcemustbeprecededby at leastonespaceor tabafterthecolon;

� commandsmustbeindented,by somewhitespace;

� targetandsourcefile namescancontaincompletepathnamesandwildcards,

� path is a list of directorieswheremake shouldlook for thesource following {path}.

It is possibleto havemultipleexplicit ruleswith thesametarget,followedby two colons.Thesetell make
to expectandperform(ratherthanignore)additionalexplicit rulesfor thecurrenttarget.

Implicit Rules

Implicit rulesapplyto all files thathave certainidentifying extensions.Thesyntaxis:

[{source-dir}].source-extension.[{target-dir}]target-extension:
[command]
...

This definesany file name.target-extension to bea target for file name.source-extension, for all
name. Moreover:

� {source-dir} tellsmake to searchfor sourcefiles in source-dir;

� theperiodbeforesource-extension mustnotbeprecededby whitespace;

� {target-dir} tellsmake to placetargetfiles in source-dir

To determinethesourcesfor targetname.t, make usesanimplicit rule

.s.t:
commands

if andonly if:

� anexplicit rule with targetname.t eitherdoesnotexist or hasno commands,

� name.s existsasafile or is a target in anexplicit or implicit ruleof themakefile

If no rule with targetname.t exists,make behavesaswith theexplicit rule:
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name.t: name.s
commands

If thereis a rulewith no commands

name.t: sources

make behavesasthoughthis rulewere:

name.t: sources name.s
commands

If severalimplicit rulesareeligible to makea target,make choosesthefirst, andmake -N thelast,unless
a.suffixes directive givesahigherpriority to theextensionstartinganotherimplicit rule.

CommandPrefixes

A command cantake thefollowing prefixes:@, -num, - and&.

@ preventsmake from displayingcommand beforeexecutingit.

If command terminateswith anerrorexit codeerr, make stopsprocessinganddeletesthecurrenttarget
file. With theprefix-num, thishappensonly if err � num. With -, make doesnot stop.

& causesmake to executethecommandthatthe$** or $? macrosin anexplicit ruleexpandto.

CommandBody

Thecommandbodyis any shellcommand.

BorlandC’smake supports<, >, and>> redirection,but notpipes,andaddsthe<< and&& operators.

The&& operatoris usedfor acommand in amakefile thus:

command args &&|
line 1
...
line N
| moreargs

Thiscausesmake to createa temporaryfile maken.$$$ andexecute

command args maken.$$$ moreargs

Any charactercanbeusedasadelimiterin lieu of |.

The<< operatoris similar, but thetemporaryfile actsasthestandardinput to thecommand.

All temporaryfilesaredeletedunlessmake hasaspecificcommandline option.

Commentsand specialcharacters

# indicatesthattherestof theline is acomment.

\ asthelastcharacterin a line actsasa line continuationcharacter. (Doesnotapplyto comments.)
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Dir ectives

A makefile cancontainthefollowing directives:

Name Action
.autodepend turnsonautodependency checking
.noautodepend
!error causesmake to stopandprint anerrormessage
!if expressionswith macros/ C-like syntax
!elif
!else
!endif
!ifdef dependsonmacrodefinitions
!ifndef
!undef forgetdefinitionfor aspecifiedmacro
.ignore ignorereturnvalueof acommand
.noignore
!include specifiesafile to includein themakefile
.path.ext path is searchedfor fileswith extension.ext
.precious do notdeletespecifiedtargetevenif commandsto build it fail
.silent do notprint commandsbeforeexecutingthem.
.nosilent
.swap (only for realmodemake): swapmake in andoutof memory
.noswap
.suffixes specifiesa list of extensions

Macros

Macrodefinitionstake theform

macro-name = expansion-text

where:

� macro-name shouldbea stringof lettersanddigits with nowhitespacein it. Caseis significantin
macros.Therecanbewhitespacebetweenmacro-nameandtheequalsign.

� expansion-text is any arbitrarystringcontainingletters,digits,whitespace,andpunctuation.

If macro-namehaspreviously beendefined,eitherby a macrodefinition in the makefile or by the -D
optionon themake commandline, thenew definitionreplacestheold.

Macrosare invoked in the makefile by: $(macro-name); parenthesesarealways needed,except for
predefinedmacros)

Whenmake findsamacroinvocation,it replacestheinvocationby themacro’s expansion-text. If the
macrois not defined,make replacesit with thenull string,or, if themacronameis a shellenvironment
variablewith therelevantdefinitionstring.
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Macro expansionissues

Macroscannotbeinvokedon theleft sideof a macrodefinition. They canbeusedon theright side,but
they arenotexpandeduntil themacrobeingdefinedis invoked.

Macroinvocationsareexpandedimmediatelyin rule lines.

Macro invocationsareexpandedimmediatelyin !if and!elif directives. If themacrobeinginvoked
in thedirective is not currentlydefined,it is expandedto thevalue0 (FALSE).

Macroinvocationsin commandsareexpandedwhenthecommandis executed.

The macroinvocation$(macro-name:text1=text2) (no spacesaround: and=) is replacedby the
definitionstringfor macro-name with every occurrenceof text1 replacedby text2.

Predefinedmacros

make comeswith thefollowing built-in macros.

Macro ExpandsTo
$d 1 if following macronameis defined;0 if not
$* basefile name(noext, with path,if generated)
$< full file name(with ext, with path,if generated)
$: file path(noname/ext)
$. file nameandextension(nopath)
$& file nameonly (nopath,noext)
$@ full targetnamewith path
$** all dependents
$? all outof datedependents
__MSDOS__ 1 if runningmake underDOS
__MAKE__ make’s versionnumberin hex
MAKE make’s executablefilename
FLAGS any optionsusedon themake commandline
MAKEDIR directoryfrom whichmake wasrun

In anexplicit/implicit rule$* $< $: $. $& referto target/dependent.

If thereisn’t apredefinedfilenamemacroto give theneededpartsof afilename,macromodifierscanbe
usedextractany partof afilenamemacro.Theformatis:

$(macro[D | F | B | R])

wherethemodifiersare:

Mod Whatpartof thefilename Example
D drive anddirectory $(<D) = C:\OBJS\
F baseandextension $(<F) = BOB.OBJ
B baseonly $(<B) = BOB
R drive,directory, andbase $(<R) = C:\OBJS\BOB

Invoking make

make [option option ...] target target ...

5



Command-lineoptionsareintroducedby a- or a/. Caseis significant.

Option
-? or -h printsahelpmessage(default optionsfollowedby +
-a automaticdependency check
-B builds all targetsregardlessof file dates
-ddir setsdir for swapfile (mustbeusedwith -S
-Didentifier definesidentifier to stringconsistingonly of character1
-Diden=string definesidento string (whichcannothave whitespace)
-e environmentvariablestake precedenceon macroswith samename
-ffilename makefile is filename, or filename.mak if filenamedoesnot exist andhas

noextension.Thespaceafter-f is optional
-i continuesregardlessof exit statusof commands
-Idir searchfor includefiles in dir (in additionto currentdirectory)
-K donotdeletetemporaryfiles
-m displaydateandtime stampof eachfile asit is processed
-n printscommandsbut do notperformthem
-N increasemake’s compatibilitywith Microsoft’s nmake
-P displaymacrodefinitionsandimplicit rulesbeforeexecutingmakefile
-r ignorebuiltins.mak
-s donotprint commandsbeforeexecuting
-S Swapsrealmodemake outof memorywhile executingcommands.This

makesroomfor very largemodulesto becompiled.
-Uidentifier undefinesany previousdefinitionsof identifier
-W write currentnon-stringcommandline optionsto make.exe

Examples

# Builtins.mak
#
CC = BCC
AS = TASM
RC = RC
.asm.obj:

$(AS) $(AFLAGS) $&.asm

.c.exe:
$(CC) $(CFLAGS) $&.c

.c.obj:
$(CC) $(CFLAGS) /c $&.c

.cpp.obj:
$(CC) $(CPPFLAGS) /c $&.cpp

.rc.res:
$(RC) $(RFLAGS) /r $&

.suffixes: .exe .obj .asm .c .res .rc
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# * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
#
# This makefile was generated by the utility PRJ2MAK.EXE
#
# PRJ2MAK converts project files (filename.PRJ) into .MAK files.
#
# The .PRJ file for this example is in the EXAMPLES directory
# of the Container Class Library.
#
# * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

.AUTODEPEND

# *Translator Definitions*
CC = bcc +DIRECTRY.CFG
TASM = TASM
TLIB = tlib
TLINK = tlink
LIBPATH = ..\..\LIB;..\LIB
INCLUDEPATH = ..\..\INCLUDE;..\INCLUDE

# *Implicit Rules*
.c.obj:
$(CC) -c {$< }

.cpp.obj:
$(CC) -c {$< }

# *List Macros*

EXE_dependencies = \
directry.obj \
filedata.obj \
testdir.obj \
..\lib\tclasss.lib

# *Explicit Rules*
directry.exe: directry.cfg $(EXE_dependencies)
$(TLINK) /v/x/c/P-/L$(LIBPATH) @&&|

c0s.obj+
directry.obj+
filedata.obj+
testdir.obj
directry
# no map file
..\lib\tclasss.lib+
graphics.lib+
emu.lib+
maths.lib+
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cs.lib
|

# *Individual File Dependencies*
directry.obj: directry.cfg directry.cpp

filedata.obj: directry.cfg filedata.cpp

testdir.obj: directry.cfg testdir.cpp

# *Compiler Configuration File*
directry.cfg: directry.mak
copy &&|

-v
-vi
-w-ret
-w-nci
-w-inl
-w-par
-w-cpt
-w-dup
-w-pia
-w-ill
-w-sus
-w-ext
-w-ias
-w-ibc
-w-pre
-w-nst
-I$(INCLUDEPATH)
-L$(LIBPATH)
| directry.cfg
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